The large virulence plasmid pMYSH6000 of Shigella flexneri contains a replicon and a plasmid maintenance stability determinant (Stb) on adjacent SalI fragments. The presence of a RepFIIA replicon on the SalI C fragment was confirmed, and the complete sequence of the adjacent SalI O fragment was determined. It shows homology to part of the transfer (tra) operon of the F plasmid. Stb stabilizes a partition-defective P1 miniplasmid in Escherichia coli. A 1.1-kb region containing a homolog of the F trbH gene was sufficient to confer stability. However, the trbH open reading frame could be interrupted without impairing stability. Deletion analysis implicated the involvement of two small open reading frames, STBORF1 and STBORF2, that fully overlap trbH in the opposite direction. These open reading frames are closely related to the vagC and vagD genes of the Salmonella dublin virulence plasmid and to open reading frame pairs in the F trbH region and in the chromosomes of Dichelobacter nodosus and Haemophilus influenzae. Stb appears to promote better-thanrandom distribution of plasmid copies and is a plasmid incompatibility determinant. The F homolog does not itself confer stability but exerts incompatibility against the activity of the Stb system. Stb is likely to encode either an active partition system or a postsegregational killing system. It shows little similarity to previously studied plasmid stability loci, but the genetic organization of STBORF1 and STBORF2 resembles that of postsegregational killing mechanisms.
The ability of Shigella and enteroinvasive Escherichia coli species to invade epithelial cells and cause enteric disease is dependent on the presence of one of a family of large, lowcopy-number plasmids collectively termed pINV (15, 29) . The pINV plasmid of Shigella flexneri 2a YSH6000 is pMYSH6000 (29) . It is about 230 kb, or roughly 5% the size of the host chromosome. Makino et al. (15) identified two adjacent SalI fragments of the plasmid that are involved in plasmid maintenance. The 17-kb SalI C fragment contains the replicon which can promote autonomous replication. This region hybridizes to a DNA probe from a RepFIIA (IncFII) replicon (30) . Miniplasmids driven by the SalI C fragment were unstably maintained, but improved stability was obtained when the adjacent 5.7-kb SalI O fragment was included. Thus, SalI-C contains a replicon, and SalI-O contains an ancillary stability function termed Stb (15) . In this study, we subcloned and sequenced the relevant regions, confirmed the identity of the replicon, and identified the minimal stability region. We describe the properties of these systems in plasmid constructs replicating in E. coli.
MATERIALS AND METHODS
Media and chemicals. Media, reagents, enzymes, buffers, and chemicals were as previously described (1) . Enzymes were obtained from New England Biolabs (Beverly, Mass.) and Boehringer Mannheim (Indianapolis, Ind.) and used under conditions recommended by the manufacturers. M63-minimal glucose plates and liquid medium (21) contained 0.2% glucose, 5 g of thiamine per ml, and 50 g each of methionine, tryptophan, and leucine per ml. Ampicillin was used at 100 g/ml, chloramphenicol was used at 10 g/ml (6 g/ml in M63), and spectinomycin was used at 25 g/ml. Cloning methods were as described by Sambrook et al. (27) .
Bacterial strains. The E. coli strains used were BR825 (trp polA::Tn10) (17) , BR2846 (supE44 hsdR17 recA1 endA1 gyrA96 thi relA ⌬lacU169), which was derived from DH5 (9) , and N100 (6) .
Plasmids. The mini-P1 test vector pALA136, containing the replication regions of P1 and pBR322 with a chloramphenicol resistance cassette, has been previously described (18) . Two plasmids were kindly supplied by S. Makino and M. Yoshikawa: pCS1367, containing the SalI C and O fragments of the virulence plasmid pMYSH6000 from S. flexneri 2a YSH6000 in pBR322, and pMYSH6609, containing the SalI O fragment alone in pBR322 (15) . The SalI O fragment was inserted into the SalI site of pALA136 to make pALA1184. Plasmid pALA1194 was made by deleting the EcoRV-EcoRV fragment of pALA1184 and inserting an oligonucleotide containing sites for EcoRV, KpnI, and BamHI. Plasmids pALA1132, pALA1133, and pALA2500 through pALA2506 are deletion derivatives of pALA1194 generated by using the double-stranded nested deletion kit as directed by the manufacturer (Pharmacia Biotech, Piscataway, N.J.). Plasmid pALA1101 was constructed as follows. pALA801 (8) was cut with HindIII, and the overhanging ends were filled in with Klenow polymerase. The DNA was ligated to the linker sequence CGGATCCG, thus converting the HindIII site to a BamHI site. Plasmid pALA1557 was made by inserting the BamHI-BamHI fragment of pALA1101 into the BamHI site of pALA136. Plasmid pALA1580 was made by inserting the EcoRV-SphI fragment of pKI288 (16) into the same sites of pALA136. The F segment contains the F trbH gene and 766 bp of upstream and 220 bp of downstream F sequences. Plasmid pALA1581 was made by inserting the EcoRV-BamHI fragment of pKI288 into the same sites of pALA136. In addition to the trbH open reading frame, it has 766 bp of upstream and 1,762 bp of downstream F sequences. Plasmid pALA1196 was made by ligating the SmaI-SalI backbone of pALA1133 with the SmaI-SalI fragment of pALA1132. The pMYSH6000-derived sequences of pALA1196 were amplified by PCR. The primers used contained BamHI sites, and the resulting fragment was cut with BamHI and inserted into the BamHI site of pALA136 to yield plasmid pALA2515. Plasmid pAL1573 is identical to pALA2515 except for a single base change that creates an amber codon in pMYSH6000 trbH. The amber mutation was created by using a modified strand overlap extension PCR using BamHI primers and two complementary mutagenic primers (25) . The -P1 miniplasmid -P1:5RCm was as described (3) .
Partition tests. Partition tests were performed as described by Martin et al. (18) . Briefly, the mini-P1 derivatives to be tested were transformed into BR825, selecting on L plates with chloramphenicol or M63-glucose-chloramphenicol plates. Twelve transformant colonies were purified by restreaking once on the same medium, and then one colony from each streak was restreaked on L or M63-glucose plates. Growth of these colonies provided the 25 generations of nonselective growth during which plasmid loss occurs. To determine the proportion of cells in these colonies which still contained the mini-P1 plasmid, the colonies were restreaked again on L or M63-glucose plates, and eight colonies from each of the 12 restreaks were picked to L and L-chloramphenicol plates or to M63-glucose plates without and with chloramphenicol. The proportion of colonies growing both on the antibiotic-free and chloramphenicol medium was taken as the proportion of cells retaining the plasmid in the nonselectively grown colonies.
Incompatibility tests. Strain BR825 was transformed with plasmid pCS1367, selecting for ampicillin resistance. Competent cells were prepared and transformed with pALA136 or its derivatives, selecting for chloramphenicol-resistant colonies at 37°C. Eight colonies were streaked for single-colony growth on L agar with chloramphenicol. Ten colonies from each resultant streak were picked with sterile toothpicks and stabbed sequentially to L agar with ampicillin and L agar with chloramphenicol. The proportion of chloramphenicol-resistant colonies that were ampicillin sensitive was taken as the proportion of cells that had lost the resident pCS1367 plasmid in the approximately 25 generations of growth of the initial colonies formed on transformation.
DNA sequencing and analysis. The sequence of the SalI O fragment was determined by cycle sequencing, using a Prism Ready Reaction Dyedeoxy Terminator kit in conjunction with an Applied Biosystems model 373A DNA sequencer. DNA from plasmid pCS1367 or pMYSH6609 was used as a template. Sequence information was obtained from both strands, with each segment of the sequence obtained from at least two different primers. The DNA sequence was assembled by using Sequencher 3.0 (Gene Codes Corp., Ann Arbor, Mich.). Sequence analysis was carried out by using the Genetics Computer Group (Madison, Wis.) package, version 8.0. The sequence of the F trbH region was obtained as described above, using plasmid pKI288 DNA (16) as the template.
Determination of average plasmid copy number. The average copy number of pALA136 and its derivatives in strain BR825 was found by comparison with the P1 miniplasmid -P1:5RCm, whose copy number has previously been determined (2, 3). The method used is similar to that described previously (2) . Briefly, a culture of cells to be tested was grown to a fixed optical density (optical density at 600 nm of 0.2). An aliquot of each harvested culture was streaked on the appropriate nonselective agar, and the proportion of chloramphenicol-resistant colonies that resulted was determined by stabbing onto plates with and without chloramphenicol. The test cultures were mixed in equal volume with an equivalent culture of N100 -P1:5RCm cells grown in M63-minimal glucose medium. The mixed cultures were harvested by centrifugation, and the plasmid DNA was extracted by the alkaline lysis procedure, digested with endonuclease EcoRI, and displayed by gel electrophoresis and ethidium bromide staining (27) . Photographed bands were quantitated with an optical scanner, and the peaks were assigned to -P1:5RCm or pALA136 or its derivative by comparing their positions with those derived from digests of DNA containing the relevant plasmids alone. By plotting the intensities of the -P1:5RCm fragment peaks against their positions in the gel, a standard curve was obtained and was used to correct the intensity of each test peak to compensate for differences in the sizes of the fragments. The molar ratios of the test and -P1:5RCm plasmids were thus obtained. The number of cells present was determined by counting a fixed volume of culture under the microscope, using a Petroff-Hauser counting chamber. Given the copy number per average cell of -P1:5RCm obtained under identical conditions (2) , the copy number of pALA136 and its derivatives per average cell was determined. The average copy numbers were then corrected for the proportion of plasmid-containing cells present to give the average copy number of the test plasmid in those cells that contained a plasmid.
Nucleotide sequence accession number. The complete sequence of the pMYSH6000 SalI O fragment is available from GenBank as accession no. U82621.
RESULTS

Stabilization of a low-copy-number test plasmid by the SalI
O fragment of the Shigella virulence plasmid. Plasmid pALA136 is a vector that contains two functional replicons, one derived from pBR322 and the other derived from P1. In wild-type strains, it replicates stably at high copy number via the pBR322 origin. In a polA strain, the pBR322 origin is inactive and the plasmid replicates at low copy number from the P1 origin (18) . As the plasmid lacks the P1 par locus required for stable maintenance at low copy number, it is unstable in the polA strain in the absence of selection (18) ( Table 1 ). Introduction of the SalI O fragment of pMYSH6000 into pALA136 gave rise to a plasmid (pALA1184) that is much more stable under the same conditions (Table 1) . Thus, in addition to conferring stability on plasmids driven by the pMYSH6000 replicon (15) , the Stb function of the SalI O fragment is capable of stabilizing a P1 replicon. The SalI-O stabilizing function is therefore not replicon specific. The degree of stability conferred on pALA136 by the SalI O fragment was similar to that conferred by a fragment containing the P1 partition locus, P1 par (pALA1557 [Table 1 
]).
Sequence analysis of the Shigella SalI O and SalI C fragments. We determined the complete sequence of the SalI O fragment. Figure 1 shows a graphic representation of the sequence and depicts the regions with similarity to known genes. The fragment does not contain any region with significant homology to plasmid partition loci of known sequence. However, nearly all of the sequence elements present are homologs of known genes in other bacterial systems (Fig. 1) .
The msbB-like open reading frame is of unknown function but shows a 70% DNA identity with the carboxy-terminal 229 amino acids of msbB, a nonessential chromosomal gene of E. coli. The SalI site at the end of the sequenced fragment is within the gene, so that the msbB homology may continue upstream in the intact virulence plasmid. The MsbB gene product is thought to play a role in outer membrane structure or function (12) . Immediately downstream of the msbB homolog, there are two insertion sequences, IS630 and IS600. Both are common insertion sequences in Shigella species (19) . IS600 appears to be inserted within the IS630 sequence. IS600 flanks a sequence which is almost identical to the 3Ј end of the traD gene of the F plasmid transfer operon (5). In the F plasmid, traD appears in the transfer operon immediately upstream of trbH and traI. The pMYSH6000 trbH homolog is intact, and its predicted amino acid sequence is 95% identical to that of F trbH. The sequence homology between Shigella and F continues through the traI gene, whose 5Ј portion extends into the adjacent SalI C fragment. The homology to F traI is interrupted by a deletion of 7 bp which causes the remaining downstream portion of the gene to be out of frame. This deletion creates a perfect 17-bp inverted repeat with a 4-bp loop in the Shigella sequence (Fig.  1) .
We have obtained sequence data for approximately 2 kb of the central region of the 17-kb SalI C fragment (data not shown). It includes elements of a replicon nearly identical to that of the IncFII (RepFIIA) plasmid NR1/R100 (26) . The sequenced portion includes the 261-bp sequence identified by Silva et al. (30) as encoding a small regulatory RNA of the RepFIIA type. NR1/R100 has a tra region that closely resembles that of F and the SalI-O tra region, except that it lacks a trbH homolog (33) . The relative positions of the replicon and the traI sequences within the SalI C fragment are the same as those of NR1/R100 (data not shown), suggesting that the organization of the NR1/R100 region spanning the last part of the tra operon and the replicon is conserved in pMYSH6000.
Deletion mapping of the minimal stabilization locus. A series of deletions from either end of the SalI O fragment were made and tested to identify those sequences responsible for the Stb plasmid stabilization phenotype. Figure 2 shows that removing about 1,200 bp from the left end, including the msbB homolog, leaves the Stb activity intact. The resulting plasmid, pALA1194, was the starting material for the isolation of a number of exonuclease-generated deletions. The extent of the sequences remaining in the deletion derivatives and their stability phenotypes are shown in Fig. 2 . The results indicate that the Stb determinant maps to a small segment of the SalI O fragment that is common to stable deletion isolates pALA1133 and pALA1132 (Fig. 2) . Using these isolates, we constructed pALA1196, which retains only this small segment. pALA1196 retained the Stb activity (Fig. 2) . The deletion endpoints of pALA1196 were determined by DNA sequencing. The minimal Stb region contains 1,127 bp from the Shigella plasmid. It contains the entire pMYSH6000 trbH region (Fig. 2) . Also included are the short carboxy-terminal portion of the traD open reading frame and a small section of IS600. On further analysis, we found that the 1,127-bp sequence has two additional open reading frames (STBORF1 and STBORF2) that would be transcribed from the opposite strand and which are completely overlapped by the trbH homolog ( Fig. 1 and 3) . These small open reading frames are also conserved in F trbH (Fig. 3 ) (11), where they have been referred to as TRAORF1 and TRAORF2 (13) .
The pMYSH6000 trbH open reading frame is not required for Stb function. We introduced into the 1,127-bp fragment a mutation that creates a nonsense codon early in the pMYSH6000 trbH open reading frame which changes the 27th trbH codon, CAG (glutamine), to TAG (amber) (Fig. 3) . The corresponding change in the STBORF2 codon (CTG to CTA) does not change the leucine (amino acid 110) in the putative gene product of STBORF2 (Fig. 3) . The plasmid carrying this mutation, pALA1573, is no less stable than its wild-type equivalent (pALA2515) in the sup ϩ (nonsuppressing) strain BR825 (Table 1) . We conclude that if pMYSH6000 trbH encodes a protein product, it is not needed for Stb function. The presence of the complementary-strand STBORF1 and STBORF2 open reading frames is, however, likely to be significant. Deletion of a small carboxy-terminal portion of STBORF1 (pALA2500) abolishes Stb function, as does deletion of STBORF2 and part of STBORF1 (pALA2503 [Fig. 2] ). Not only are these open reading frames highly conserved between F and pMYSH6000, but pairs of very similar open reading frames are found in the plasmids and chromosomes of disparate bacteria. Results of an alignment of the deduced amino acid sequence of the Shigella STBORF1-STBORF2 region with related sequences in other organisms are summarized Table 4 (see Discussion) .
Stabilization tests with the F trbH region. Plasmid pALA1580 consists of the F trbH gene with 766 bp of flanking F sequences upstream and 220 bp downstream inserted into the test vector pALA136 (see Materials and Methods). The resulting plasmid was tested for stability and found to be as unstable as its pALA136 parent (Table 1 ). The same is true of plasmid pALA1581, which carries the same F trbH region with additional F sequences downstream (Table 1) . Both plasmids carry the region equivalent to the 1,127-bp Shigella pMYSH6000 fragment in pALA1196 (Table 1) . Thus, F trbH does not appear to encode a stabilization function similar to that of pMYSH6000 Stb. We sequenced the F trbH region of pKI288 used to construct both pALA1580 and pALA1581 and found no differences from the published sequence for this region of the F plasmid (5) (Fig. 3) . Comparison of the DNA and amino acid sequences of the pMYSH6000 1,127-bp region and the equivalent F region (Fig. 3) The endpoints of most of the exonuclease-generated deletions are approximate, as they were estimated from the apparent sizes of restriction fragments determined by gel electrophoresis. The deletion endpoints of pALA1132, pALA1133, and pALA1196 were precisely determined by DNA sequencing. The symbols Ϫ and ϩ denote derivatives giving less than 10% and more than 80% retention in 25 generations in the stability tests as described in Materials and Methods. IR, inverted repeat.
STBORF1 and STBORF2, and the putative promoter for the stb region of the two species (Fig. 3) . The inability of the F region to act as a stability determinant is presumably due to one or more of the few sequence differences between the F and the equivalent pMYSH6000 sequences.
Stability of plasmids carrying the 1,127-bp stability region as a function of plasmid copy number. Knowledge of the average plasmid copy number is critical to assessment of the mechanism of a plasmid stabilization function (22) . The copy number of a mini-P1 plasmid is dependent on growth rate. For the standard P1 miniplasmid -P1:5RCm, there are approximately two copies per average cell in minimal medium and approximately eight per average cell in L broth (2, 3) . The copy numbers of the relevant pALA136-derived plasmids in BR825 are similar to those of -P1:5RCm (Table 2) , and the derivative encoding pMYSH6000 Stb does not appear to have a higher copy number than the pALA136 vector. From this it can be concluded that Stb does not stabilize the plasmid by encoding an additional replicon or by interfering with the copy control mechanism of the P1 replicon to promote higher copy numbers. Table 1 compares the stability of the constructs in cells grown in minimal and complete media. The Shigella stabilization locus appears to be as efficient as the P1 active partition locus, even at the very low copy numbers present in minimal medium. The stability achieved (0.1% plasmid loss per generation at a copy number of approximately two per average cell [ Tables 1 and 2] ) is much better than would be predicted for random distribution of the available copies (22) .
Incompatibility properties of the 1,127-bp stability region and its F homolog. Plasmid pCS1367 contains the SalI C and O fragments of pMYSH6000 in a pBR322 vector. This plasmid was maintained stably in the polA strain BR825, where replication from the pBR322 origin is blocked (Table 3) . We presume that under these conditions, plasmid replication proceeds from the IncFII replicon in SalI-C and is relatively stable due to the presence of the Stb function encoded by SalI-O. The mini-P1 plasmid pALA136 does not exert incompatibility against pCS1367 (Table 3) , nor does a stable pALA136 derivative containing the P1 par locus (pALA1557 [Table 3 ]). However, when the derivatives of pALA136 carrying either the SalI O fragment or its 1,127-bp subfragment (pALA1184 or pALA1196) were introduced into the same cell, the resident pCS1367 was lost from many of the cells (Table 3 ). This result shows that the 1,127-bp stb region contains an incompatibility FIG. 3 . DNA sequence of the pMYSH6000 stb region. The sequence is displayed in the opposite orientation to the maps in Fig. 1 and 2 , from the SphI site to the EcoRV site. The deduced STBORF1 and STBORF2 peptide sequences are shown below the DNA sequence, with their start points labeled orf1 and orf2. Letters immediately above the DNA sequence show those bases that differ in the homologous region of the F plasmid, and the three-letter codes directly below the peptide sequence show those amino acids that differ in the deduced F TRAORF1 and TRAORF2 peptide sequences. All of the amino acid differences between the pMYSH6000 and F sequences represent changes to similar amino acids except for the arginine (underlined)-to-leucine change at amino acid 89 of STBORF2. The dot above base 746 denotes that the base changed to an A in plasmid pALA1573. This does not alter the amino acid sequence of STBORF2 but creates an amber mutation in pMYSH6000 trbH that is transcribed from the opposite strand. The Ϫ10 and Ϫ35 sequences (underlined) for the putative stb promoter are shown, as is the likely ribosome binding site (RBS) for STBORF1. a Determined by comparing the amount of plasmid recovered from test cells with that of the standard P1 miniplasmid -P1:5RCm in cells grown at 32°C in minimal glucose medium when test and standard cultures were mixed (see Materials and Methods). The values represent the average numbers of copies per plasmid-containing cell in a culture in exponential growth. Table  3 ]). Thus, one or more of the few sequence differences between the pMYSH6000 Stb region and its F homolog (Fig. 3) appear to have compromised the overall function of the F locus without destroying the incompatibility determinant.
DISCUSSION
The adjacent SalI O and C fragments of pMYSH6000 contain an IncFII replicon and part of a transfer operon. These sequences are very similar to their NR1/R100 homologs, which are in the same relative positions in the plasmid. The Shigella plasmid clearly derived its tra segment from the same ancestral source as NR1/R100 and F. It is disrupted by insertion elements and a small deletion. This accounts for the fact that pMYSH6000, like other pINV plasmids, is not proficient for autonomous conjugal transfer (15, 28) . The trbH sequence may have been present in this common progenitor and was subsequently lost from NR1/R100, or the sequence may have been acquired by some more recent progenitor to pMYSH6000 and F by an insertion event.
We have mapped the plasmid stability function of pMYSH6000 to a region with unusual organization. It begins with a small segment of IS600 and a small carboxy-terminal fragment of the traD open reading frame. These sequences are not sufficient to promote plasmid stability (pALA2503 [ Fig.  2] ), and as they have known functions not concerning plasmid stability, it is unlikely that they are part of the stability determinant. The bulk of the region consists of the 240-codon F trbH homolog which completely overlaps the 75-amino-acid-encoding STBORF1 and 133-amino-acid-encoding STBORF2 open reading frames that are transcribed from the opposite strand. The putative pMYSH6000 trbH product was not needed for Stb function. Its role, if any, remains unknown. The deduced pMYSH6000 and F trbH products have no homologs among proteins whose sequences are currently available in protein databases (data not shown). TrbH is not required for F conjugal DNA transfer (16) , and the transfer region of the conjugal plasmid NR1, which is very similar to that of F (31), does not contain a trbH gene (33) . Perhaps there is no function for the protein, and the integrity of the trbH open reading frame has been preserved in order to maintain translational coupling within the tra operon.
STBORF1 and STBORF2 are preceded by putative promoter and ribosome binding sites. Deletions into the open reading frames from either side destroy Stb function. Thus, it is likely that proteins are produced from these open reading frames and that they are involved in the activity of Stb. This hypothesis is strengthened by the observation that pairs of very similar open reading frames are found in several other systems. One of these, the vagC and vagD genes from the Salmonella dublin virulence plasmid, has been indirectly implicated in plasmid maintenance (24) . The vapB and vapC genes of Dichelobacter nodosus, although first found as chromosomal genes (13) , have also been found on a plasmid (4). The existence of such highly related open reading frame pairs in such different bacterial species suggests either an ancient origin and strong genetic conservation for these genes or that they have been widely distributed among different species by some lateral transfer mechanism. The sequences described in Table 4 form a tight family group, both in the primary sequence of the putative proteins and in the organization of the open reading frames. In every case, the likely start codon for the STBORF2 homolog overlaps the stop codon of the STBORF1 homolog by one or four bases (Table 4) . Unlike the case for pMYSH6000 and F, none of the other open reading frame pairs described in Table 4 lie within a reverse open reading frame which is equivalent to the trbH gene.
What is the nature of the Stb stability function present on the 1,127-bp fragment of pMYSH6000? Evidence has been presented that the system promotes a better-than-random distribution of the available copies to daughter cells. Of several different classes of plasmid stability functions, only active partition systems such as F sop and P1 par, and postsegregational killing systems such as F ccd and P1 doc/phd, are known to be able to do this (22, 32) . The Stb system also exerts incompatibility against a coresident plasmid containing Stb. This is also typical of both partition and postsegregational killing systems. In the former case, the incompatibility is determined by the cis-acting partition site; in the latter, it is determined by the antidote protein that blocks postsegregational killing (22, 32) . The F Stb homolog has retained the incompatibility determinant but has lost some other sequence required for the proper function of Stb by mutation. We are investigating the possibility that the single nonconservative change at amino acid 89 of STBORF2 (Fig. 3) is responsible for this loss of Stb function in F.
The Shigella Stb sequence shows little or no homology with active partition systems or postsegregational killing systems. However, the general organization of the STBORF1-STBORF2 region resembles that of postsegregational killing systems, which have similar-size products and similar overlapping or very closely apposed start and stop codons. We are currently testing the pMYSH6000 Stb system for a postsegregational killing activity. a The deduced amino acid sequences from the S. flexneri pMYSH6000 STBORF1 and STBORF2 open reading frames (ORFs) were aligned with their homologs from the F plasmid (TRAORF1, TRAORF2), from two loci from the chromosome of Haemophilus influenzae (Hi0321, Hi0322 and Hi0948, Hi0947 [7] ), from the vapB/vapC locus of Dichelobacter nodosus (VapB, VapC [13] ), and from the vagC/vagD locus of the virulence plasmid of Salmonella dublin (VagC, VagD [24] ). In the case of the VagD open reading frame, we have inserted a T-A at bp 1141 in the sequence of Pullinger and Lax (24) , which is necessary to maintain the reading frame. We speculate that this position, or some base at or near it, may have been omitted previously due to a sequencing error. The similarities were found by using the BLAST program of the Genetics Computer Group package. In each case, the STBORF1 homolog and the equivalent STBORF2 homolog are found together, with the stop and start codons overlapping by 1 or 4 bp (last column). The STBORF2 homolog is always in the Ϫ1 reading frame register with respect to the STBORF1 homolog. The similarities between Hi0321 and VagC, Hi0322 and VapC, Hi0947 and VapC, and Hi0948 and the F TRAORF2 were previously noted (7), as was the similarity between the vap and F open reading frames (13) .
